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© This invention relates to a fiberizable glass compositions consisting essentially, expressed in terms of mole 
percent on the oxide basis, of at least 65% total of 5-55% ZnO, 28-40% P 2 0 5 . 0.3-5% Mo0 3 and 10-35% R 2 0, 
wherein R 2 0 consists of at least two alkali metal oxides in the indicated proportions selected from the group 
consisting of 0-25% Li 2 0, 0-25% Na 2 0. and 0-25% K 2 0. and up to 35% total of optional ingredients in the 
^- indicated proportions selected from the group consisting of 0-10% Al 2 0 3 . 0-15% B 2 0 3 . 0-15% Ai 2 0 3 + B 2 0 3 . 0- 
< 15% Cu 2 0, 0-25% Sb 2 0 3 0-5% F, 0-35% PbO, 0-35% SnO, 0-35% PbO + SnO. 0-5% Zr0 2 , 0-4% Si0 2 , 0-20% 
M MgO + CaO + SrO + BaO + MnO, 0-20% MgO,0-20% CaO, 0-20% SrO, 0-20% BaO and 0-10% MnO. and 0-5% 
^ rare earth metal oxide. 
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Background of the Invention 



1 . Field of the Invention 

5 The present invention relates to a zinc-phosphate gfass composition suitable for continuously making 

glass fibers which may be used as a reinforcement for high temperature polymer composites. 

2. Background of the Invention 

w The reinforced plastic industry has been using glass fibers in various forms for reinforcing polymer 

matrices; the glass phase provides increased stiffness and strength to the polymer phase. However, up until 
now most, if not all, commercially available glass fibers produced for reinforcement were E-glass fibers, i.e. 
calcium-alumino-silicate glass fibers. However, one disadvantage of these fibers is that the processing 
temperatures used in making these glass-polymer composites are well below the softening point of these 

15 silicate fibers. Therefore, because these fibers are brittle, they are quite prone to breakage during 
compounding. As a result, the fibers within the composite tend to get chopped up during compounding 
such that these shortened silicate glass fiber-reinforced polymer composites possess less strength than if 
the fibers would not have been shortened. Another shortcoming is that these composites are limtted as to 
the proportion of fibers which can be added to the polymer; anything greater than about 20% by volume 

20 causes the viscosity of the mixture to be to high for forming at the processing temperature. 

With the invention of base alkali metal zinc phosphate glasses exhibiting transition temperatures below 
450 °C which possessed good resistance to attack by water in U.S. Pat. No. 4,940,677 (Bead et al.), the 
possibility of forming composites where a zinc-phosphate glass and a polymer were co-deformable at the 
polymer processing temperature became possible. That patent discloses glass compositions consisting 

25 essentially, expressed in terms of mole percent on the oxide basis, of about 10-35 % R 2 0, wherein R 2 0 
consists of at least two alkali metal oxides in the indicated proportions selected from the group 0-25% li 2 0, 
0-25% Na 2 0. and 0-25% K 2 0, 23-55% ZnO. 28-40% P 2 Os. and up to 35% total of the following optional 
ingredients from the group 0-6% Al 2 0 3 . 0-8% B 2 0 3 , 0-8% Al 2 0 3 +B2O3, 0-15% CuO. 0-5% F. 0-35% PbO, 
0-35% SnO, 0-35% PbO + SnO, 0-5% Zr0 2 , 0-4% Si0 2 . and 0-15% MgO + CaO + SrO + BaO + MnO, 

30 consisting of 0-10% MgO, 0-10% CaO. 0-10% SrO. 0-12% BaO, and 0-10% MnO. 

However, although the above compositions were capable of being drawn into fiber, the ability to 
continuously draw fibers was not possible. Not only did the produced fiber contain nodules, but additionally 
the glass devitrified during fiber drawing. Both of these shortcomings of the process were a result of the 
glass wetting the platinum bushings which resulted in the glass backing up the bushing via capillary wetting 

35 and further causing a build-up of the glass upstream from the orifice. Because of this "wetting'* problem, 
the fiber drawing process caused regular breakage of the fiber, as well as shutdowns in order to unclog the 
orifice by cleaning out the devitrified glass. 

Summary of the Invention 

40 

Hence, it is an object of this invention to provide a zinc-phosphate glass composition which could be 
continuously drawn to form glass fibers. 

It is a further object of this invention to provide glass fibers that have reduced forming or drawing 
temperatures relative to conventional fibers such a E. S or C fibers, which in turn, enable them to be 
45 continuously drawn with non-noble metal fiber-drawing systems. 

Still another objective of this invention is to provide for glass fibers which will deform at polymer 
processing or compounding temperatures polymers, thus allowing the formation of glass/polymer compos- 
ites with a greater proportion of longer glass fibers at temperatures below the annealing point of the glass. 
These objectives are achieved in fiberizable glass compositions consisting essentially, expressed in 
50 terms of mole percent on the oxide basis, of at least 65% total of 5-55% ZnO. 28-40% P 2 Os t 0.3-5% Mo0 3 
and 10-35% R 2 0, wherein R 2 0 consists of at least two alkali metal oxides in the indicated proportions 
selected from the group consisting of 0-25 % Li 2 0, 0-25 % Na 2 0. and 0-25 % K 2 0, and up to 35% total of 
optional ingredients in the indicated proportions selected from the group consisting of 0-10% AI2O3, 0-15% 
B2O3, 0-15% Al 2 0 3 +B 2 0 3 . 0-15% Cu 2 0, 0-25% S02O3 0-5% F, 0-35% PbO. 0-35% SnO, 0-35% 
55 PbO + SnO. 0-5% Zr0 2 . 0-4% Si0 2l 0-20% MgO + CaO + SrO + BaO + MnO. 0-20% MgO,0-20% CaO. 0- 
20% SrO. 0-20% BaO and 0-10% MnO, and 0-5% rare earth metal oxide. The rare earth metal oxide is 
selected from the lanthanide group (RE 2 O x ) consisting of lanthanum, cerium, neodymium, praseodymium 
promethium, samarium, europium, gadolinium, terbium, dysprosium, holmium. erbium, thulium, ytterbium 
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SiSTribers can be continuously drawn ,f the glass compos-tons are melted to homogeneous liquids 
having melt viscosities su.table for fiber drawing purposes. Typ.ca.ly. these compositions have a melt 
,sco ity o about ,000 to ,0.000 poise at the draw.ng or working temperature. The drawn, I »^.U,re ,8 
preferably at least about 100- C above the hquidus temperature of the com P os,t,on. The art discloses that. . 
the e ^ conditions are maintained in silicate fiber formation, devitrification of the molten glass pnor to or 
dula Z tola is avoided. Although the rate of crystallization of phosphate glass ,s slow compared o 
sS gla s aZ thus it is no. necessary to draw fiber at a temperature above the l.quidus. the phosphate 
comoosrtion does wet the fiber-forming tooling. This phenomenon was observed w.th Platinum 
pZ m Rhodtum NkJel. stainless steel and Molybdenum tooling. The buildup of phosphate glass, caused 
bv this wetting phenomenon, although slow to crystallize, eventually led to fiber draw shutdown. 
" The so utfon to the problem involved the addition of M0O3 to typical zinc-phosphate glass composrtion 
in oroS to achieve the Sesired effect of mod.fy.ng the interfacia. tension of the glass composite, such that 
h ™ ybdenum-doped glass composition does not wet the platinum, or other materia, tooling surface. In 
1 the alass does not back up the platinum surface via capillary wetting, and. therefore, no buildup of 
l SS w7occur ups ream from the orifice. Because of this phenomenon, there is no occurrence of the glass 
form'na undesired nodular ,nclus,ons or stagnant areas where devitrification could be nucleated and 
eventually crySLd- thus, in turn, allowing glass fibers .0 be continuously drawn in a typ.cal fiber drawing 
operation" As Tresuit of the addition of the Mo03. fibers comprised of compositions w,th,n the cla.med 
range were drawn continuously for many hours, even days. h/venhate ran be 

While not intending to be limited by theory, the reason the Mo0 3 -dopedz,nc phosphate glasses can be 
contlously drawn into fibers is believed to be due to a reduction in the surface tension of the g las* 
Assuming no change in the surface tension ,n the fiber draw tooling, the result of reducing the surface 
tension of the glass is that the difference in surface energy between the glass and tooling is increased i.e 
a n rease n ? ter acial tension between the two materials, glass and metal. This increase ,n interface, 
tension equates to reduced wetting of the metal fiber tooling surface by the glass composition and the 
IsTJToTJL fiber formation capability. However, additions of M0O3 .0 the glass compos .0 ,n 
amounts less than 0.3 mole percent do not provide sufficient reduction ,n the surface tension of the glass^ 
^following ranges of composition of glass composition, expressed ,r , terms of J ^ 

, • r>n qco/ p AUOt 4-8% L2O. 4-15% Na20. 3-8% K2U. J 1-40 o ^fiu 

preferred for easy drawing; 30-36% i-4.<o o o u 2 u. 

and 0.5-4% M0O1. 
Prior Art 



35 Although the use of Mo03 in glass compositions in known to the glass art. ,t ,s believed that the r use ,n 
z,nc-phos P hate glass compositions exhibiting transition temperatures be .low about 450 C to ach ev he 
abiiity of continuous fiber drawing is novel. The most relevant pnor art is U.S. Pat Na 5 122^4 ^1 
al \ which discloses a glass exhibiting a transition temperature no higher than 425 C and excellent 
S 1st to S a C !tack by water consisting essentially, expressed in terms of weigh, percent on the ox** 
u < l_ _ i oQcno/ p^O, 0-5% Ab0 3) 2-10% Na 2 0, 0.75-5% L12O. 2-10, o K 2 U, b^t>o 

^zed 2-25% Sn0 2 + Mo03 + W03 + CI. Unlike the instant invention, wherein the addition of Mo03 ,s 
ruled to reduce the surface tension of the glass composition, the BeaH et al. reference requires the 
oresence of either M0O3 and/or WO3 in order to reduce the viscosity of those glass compositions so that 
,5 L ftow prope e were comparable ,0 lead-conta.ning frits. In other words, not only is MoO, not required 
component but also the purpose for the presence of WO3 and-or M0O3 in the Beall et al. composition ,s 
different from that in the present inventive fiberizable glass composition. 



Description of the Preferred Embodiments 
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TABLE I reports three M0O3 -doped compositions, expressed in terms of mole percent on the ox.de 
basil m calculated .from the batch. wh,ch were able to be continuously drawn into fiber; without the M0O3 
add tier the QlaS wetThe fiber form.ng tooling resulting in the devitrification problem described above was 
P ?e ent w uncovered that a ample, yet effective test of the ability to be continuously drawr , ,r* > fibe, 
ie The ability to not wet fiber forming tooling, involved a "ring test- A nichrome wire ring was dipped into 
each glass composition at viscosities below 100 poise, i.e., at temperatures between 800 and 900 C, and 
the aSS oMhe glass to form a continuous ring both with a large diameter (I'/O and a small diameter r ,ng 
% ■) was noted. If the glass composition formed a continuous ring with both. ,t was determined that the 
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composition would be able to be continuously drawn into fiber. Note that all three examples doped with 
molybdenum easily formed continuous rings, i.e.. they passed the "ring test" 

In referring now to TABLE II. the effect of the MoO, addition can be seen: all four examples possess 
the same base composition, yet the only one which passed the "ring test" is 1.0% MoCb-doped Example 9 
Although Examples ,0 and 19 did contain M0O3. the amounts were less than 0.3%. by mole, and' therefore 
not sufficient. Note Example 5. which, although ,t contained a 2% W0 3 addition which was expected to 
cause the same effect as molybdenum, did not pass the "ring test". 

TABLE III records a number of glass compositions, including those earlier discussed, expressed in 
terms of mote percent on the oxide basis as calculated from the batch, illustrating both the inventive 
glasses which could be continuously drawn into fiber, as well as other compositions which do not contain 
*e 'nvent.ve MoO, addition. Inasmuch as the sum of the individual constituents total or closely approxi- 
ma es 100. for all practical purposes the value reported for each component may be considered to reflect 
mole percent. TABLE IIIA reports the same compositions, but wherein the values have been converted to 
we,gh, percent. The actual batch ingredients for the glasses can compr.se any materials, either the oxides 
or other compounds which, upon being melted together, will be converted to the desired oxides in the 
proper proportions. 

n J," iTn" 9 t0 TABLE '" 11 Sh0UW be P ° mted ° Ut that a " 0f ,hose compositions containing 0.3 mole 
percent M0O3 or greater passed the "ring test", and thus should be able to be continuously drawn into fiber 
without any devitrification problems. 

The batch materials were compounded, ballmilled together to aid in securing a homogeneous melt and 
then charged into silica crucibles. After plac.ng lids thereon, the crucibles were introduced into a furnace 
operating between 1100' and 1200 -C and maintained at that temperature for about 3-4 hours Each melt 
was poured as a fine stream into a bath of tap water to form particles of glass, a practice termed 
dr.gag.ng in the glass art. The dr.gaged particles were dried and thereafter milled to form cullet This 
cullet was then either used in the fibermaking process or remelted and used in the "ring test". 

TABLE I 
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TABLE II 
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The process of drawing fiber first involved melting and fining the glass batch, i.e.. the earlier described 
cullet. Preferably, the process involved fining the glass batch between about 1 to 2 hours at a temperature 
between about 900-1 100 • C. Following fining glass fibers were then drawn at a drawing temperature at 
which the compositions had a melt viscosity of about 10* to 10 A poise. In the preferred embodiment the 
drawing temperature was 450 to 525 'C. Note that, because of the slower crystallization of phosphate 
glasses as compared to silicate glasses, it was not necessary to draw fibers at a temperature at least 
100'C above the liquidus. It was only necessary to draw fiber at a temperature such that the glass would 
fall on its own leaving a fiber trail behind; glass which is too hot will stream on its own while glass which is 
too cold will clog the nozzle due to devitrification. These Mo03-containing compositions were capable of 
being drawn into fibers having diameters ranging between 1 to 100 microns, with diameters on the order of 
15 to 20 microns being most easily drawn. Nevertheless, it should be noted that fibers as fine as 6 microns 
were successfully drawn for extended periods of time. Fibers were successfully drawn using various tooling 
materials other than platinum, including nickel platinum-rhodium and molybdenum. 

Whereas the above description reflects laboratory melting and forming practice only, it will be 
appreciated that the recited compositions are capable of being melted in large scale melting units and 
being made into fiber, utilizing forming techniques conventional in the glassmaking and fiberglass art, 
although modified as described above for the phosphate composition. 
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Generally, the fibers formed from the disclosed fibenzable compositions had good tensile strengths and 
modulus of elasticities so as to not be too rigid and brittle. TABLE U reports data of three fiber compositions 
which are representative of the those properties possessed by typical fibers formed within the composition 
range. TABLE IV reports the liquidus temperature each glass composition possessed in a fiber draw 
process at the platinum tooling surface (liquidus-Pt) and at the center of the fiber being drawn (liquidus- 
int.), the viscosity of the glass at the Platinum surface liquidus (viscosity at Pt liquidus) and the glass 
transition temperature (T g ). Example 12 comprised the most preferred embodiment of the inventive glasses. 



EP 0 578 023 A1 

TABLE IV 
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1 3 


liquidus (int.) 


530 3 C 
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660 S C 


liquidus (Pt) 
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yen o C 


Ran ° c 


anneal point 


314'C 
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350 'C 
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297 'C 


330 9 C 


viscosity at pt liquidus (poise) 
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Young's Modulus (x 10°) 
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bulk density (g cc) 
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Coef. of thermal expansion (x 10" 7 ) 
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Tg 
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Fiberizable glass compositions consisting essentially, expressed in terms of mole percent on the oxide 
basis, of at least 65% total of 10-55% ZnO. 28-40% P;05. 0.2-5% M0O3. 10-35% R 2 0, where.n R 2 0 
consists of at least two alkali metal oxides in the indicated proportions selected from the group 
consisting of 0-25% UO. 0-25% Na 2 0, and 0-25% K 2 0 and up to 35% total of optional ingredients in 
the indicated proportions selected from the group consisting of 0-10% Al 2 0 3 0-15% B 2 0 3 , 0-15% 
Ah0 3 +B 2 0 3 0-15% Cu 2 O t 0-5% F. 0-25% Sb 2 0 3 . 0-35% PbO. 0-35% SnO, 0-35% PbO + SnO, 0-5% 
Zr0 2 . 0-4% Si0 2 . 0-20% MgO + CaO + SrO + BaO + MnO. 0-20% MgO.0-20% CaO, 0-20% SrO. 0-20% 
BaO and 0-10% MnO, and 0-5% rare earth metai oxide. 

The glass according to cla.m 1 consisting essentially of 30-36% P 2 0 5 . 1-4% Al 2 0 3 . 4-8% U 2 0, 4-15% 
Na20, 3-8% K 2 0, 31-46% ZnO and 0.5-4% M0O3. 

The glass according to cla.m 1 consisting essentially of 32.5% P 2 0,. 2% AI2O3. 6% Li 2 0. 6.8% Na 2 0. 
6.8% K 2 0. 44% ZnO and 2% M0O3. 

A method of making glass fibers comprising the steps of: 

(a ) melting a batch for a glass composition consisting essentially, expressed in terms of mole 
percent on the oxide basis, of at least 65% total of 10-55% ZnO. 28-40% P 2 05, 0.2-5% M0O3, 10- 
35% R-0 wherein R 2 0 consists of at least two alkali metal oxides in the indicated proportions 
selected from the group consisting of 0-25% Li 2 0. 0-25% Na 2 0. and 0-25% K 2 0 and up to 35% 
total of optional ingredients in the indicated proportions selected from the group consisting of 0-10% 
AI0O3 0-15% B 2 Ch. 0-15% Al 2 03 +B 2 0 3 , 0-15% Cu 2 0. 0-5% F, 0-25% Sb 2 0 3 , 0-35% PbO, 0-35% 
SnO, 0-35% PbO + SnO, 0-5% Zr0 2 , 0-4% Si0 2l 0-20% MgO + CaO + SrO + BaO + MnO, 0-20% 
MgO.0-20% CaO. 0-20% SrO. 0-20% BaO and 0-10% MnO. and 0-5% rare earth metal oxide; 
(b ) fining the glass melt; and, 

<c.) drawing fibers from the glass melt at a temperature at which the melt has a viscosity of about 
10 6 to 10 8 poise. 

The method according to claim 4 wherein the glass composition consists of 32-36% P 2 Os. 1-4% Al 2 0 3 , 
5-8% Li 2 0. 6-15% Na20. 3-8% K 2 0, 0.3-4% Mo0 3 and 31-46% ZnO. 

The method according to claim 4 wherein the glass composition consists of 32.5% P 2 05, 2% Al 2 0 3l 
6% Li 2 0, 6.8% Na 2 0. 6.8% K 2 0, 3.5% Mo0 3 and 44% ZnO. 
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